In re Appln. of Brian Christian Orr et al. 
Serial No. 10/028,242 

Reply To Office Action Of December 18, 2003 

REMARKS 

In the Office Action dated December 18, 2003, the Examiner: 

(a) withdrew the indicated allowance of Claim 6 in view of a new found reference, JP 61- 
149,652; 

(b) rejected Claim 6 as being unpatentable over Applicant Prior Art, Figure 2, in view of Glaze 
etal. (US 4,733,578); 

(c) rejected Claims 1, 3-6, and 8-10 under 35 U.S.C. 102(b) as being anticipated by Iwata (JP 
61-149652); 

(d) rejected Claim 2 under 35 U.S.C. 103(a) as being unpatentable over Iwata (JP 61-149652); 

and 

(e) rejected Claims 1-6 and 8-10 under 35 U.S.C. 103(a) as being unpatentable over Applicant 
Prior Art, Figure 2, in view of Glaze et al. (US 4,733,578). 

By this response, Applicants respectfully traverse the rejections of: Claims 1, 3-6, and 8-10 
under 35 U.S.C. 102(b) as being anticipated by Iwata; Claim 2 under 35 U.S.C. 103(a) as being 
unpatentable over Iwata; and the rejection of Claims 1-6 and 8-10 under 35 U.S.C. 103(a) as being 
unpatentable over Applicant Prior Art, Figure 2, in view of Glaze et al. For the reasons stated herein, 
Applicants submit that each of the pending and non-withdrawn claims (Claims 1-6 and 8-10) are in 
condition for allowance. 

In the Examiner's explanation of the rejection of Claims 1, 3-6, and 8-10 under 35 U.S.C. 102(b) 
as being anticipated by Iwata (JP 61-149652), the Examiner references a marked-up copy of Figure 2 of 
Iwata attached as Exhibit 1 to the Office Action. Applicants have provided herewith a translation of the 
Iwata (JP 61-149652) reference along with an Affidavit of the translator. As indicated in page 3, 
paragraphs 2 and 4, of the translated reference, Iwata discloses spherical seat surfaces 6a-6d which are 
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coaxial. As such, with respect to Claim 1, Applicants respectfully submit that Iwata fails to disclose n a 
centerpoint of said at least one spherical surface is substantially collinear with said axle centerline and is 
offset from the centerpoint of said chamber by an offset distance along said axle centerline in a direction 
away from said opposing surface such that said at least one spherical surface is closer to said centerpoint 
of said at least one spherical surface than said chamber centerpoint." With respect to Claim 3, 
Applicants respectfully submit Iwata fails to disclose "a differential chamber having a chamber 
centerpoint, said differential chamber formed by offsetting the spherical centerpoint of said first gear 
from the chamber centerpoint in a direction away from the surface of said second gear." With respect to 
Claim 4, Applicants respectfully submit that Iwata fails to disclose "said second radius centerpoint is 
substantially collinear with said axle centerline and offset from said casing centerpoint an offset 
distance along said axle centerline in a direction away from said first inner radius." With respect to 
Claim 6, Applicants respectfully submit Iwata fails to disclose "each of said part-spherical regions 
comprising part of a sphere having a center located on said axis of rotation of said casing and offset 
from said intersecting point in a direction opposite the offset direction of the other of said part spherical 
regions providing the chamber extending more in the axial direction of said casing than in the direction 
of the axis of rotation of said pinion gears." 

With respect to the Examiner's rejection of Claims 1-6 and 8-10 under 35 U.S.C. 103 as being 
unpatentable over Applicant Prior Art, Figure 2, in view of Glaze et al. (US 4,733,578), Applicants 
respectfully submit that neither the Applicant Prior Art, Figure 2, nor the Glaze reference teach, suggest, 
or infer to combine the relevant teachings of each. Applicant Prior Art, Fig. 2, is directed at a 
differential mechanism narrower in the rotational direction of the casing 12 in order to serve the purpose 
of removing the side gear shoulders as previously required in differential mechanisms. Similarly, the 
primary embodiment of Glaze is directed at a differential mechanism narrower in the rotational direction 
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of the casing 80 in order to provide maximum spacing between the back surfaces of the side gears along 
the axis of rotation of the side gears (see Col. 4, lines 4-9). Glaze includes one sentence relating to 
making the differential wider in the direction of the casing without any teaching, suggestion or inference 
as to why such a modification is desirable. Since Applicant Prior Art, Fig. 2, specifically teaches away 
from having a wider differential mechanism in the rotational direction of the casing for the purpose of 
removing the side gear shoulders, and the Glaze reference does not teach or suggest the desirability of 
having a wider differential mechanism in the rotational direction of the casing, Applicants respectfully 
submit the references are not combinable. 

Even if combinable, the resulting modified differential does not include all features of Claims 1, 
3-6, and 8-10. For example, if Applicant Prior Art, Fig. 2 including sphere centerpoints offset toward the 
other spheres walls, was modified to include varying radii to make a wider differential mechanism in the 
rotational direction of the casing, the combined modification does not include all of the features of 
Claims 1, 3-6 and 8-10. 

With respect to Claim 2, the Examiner indicates it would have been obvious to one of ordinary 
skill in the art at the time the invention was made to select the ratio of the radius of one spherical surface 
to the offset distance be at 30. However, since neither Iwata, Applicant Prior Art, Fig.2 nor Glaze teach, 
suggest or infer the features of independent Claim 1 (e.g., "such that said at least one spherical surface is 
closer to said centerpoint of said at least one spherical surface than said chamber centerpoint.") from 
which Claim 2 depends, Applicant's respectfully submit that selecting such a ratio would not have been 
obvious. 

Finally, Applicants respectfully submit that Claims 1, 3-6, and 8-10 are in a condition for 
allowance. 
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Prompt and favorable consideration of this response is respectfully requested. 



1901 L Street NW, Suite 800 
Washington, D.C. 20036 
(202) 457-0160 

RAJ/gmp 
Enclosures 



Respectfully submitted, 



Dickinson Wright PLLC 
Attorneys for Applicant(s) 



Dickinson Wright PLLC 





BLOOMFIELD 46107-64 61 1131 
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Affidavit of Translator 



RECEIVED 

MAR 2 « MM 

©roup aw 



This is to certify that I, Seiko Morita, am competent to translate the attached Japanese 
language document. I further certify that to the best of my knowledge and belief, the 
attached translation is a true and accurate English translation of the attached Japanese 
language document. 





Seiko Morita 



Sworn ana subscribed before me 
This 1 ft^ day 0 &-doY\jAhT 



V 



2004 



m m m m ******* 




Notary Public 




lOW JEAN TAYLOR 
Convftok)fi# 126415$ 
Notay Wbfc - CaRtamta 
Orange County 
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Japan Patent 



[54] Differential Gear 

[21] Applied 1984-269158 

[22] Filed Dec. 19, 1984 

[72] Inventor Seiichi Iwata, Tokyo Japan 

[71] Assignee Fuji Heavy Industry LTD 



Abstract 

1 . Name of the invention Differential Gear 

2. Claim Limits 

Differential Gear to be designed to support each pinion by forming 4 holes and coaxial 
spherical seats on four points on the circumference of the cylindrical part of a differential 
case at intervals of angle of 90 degrees. In case of setting pinions and pinion shafts, pinions 
and a supporting body are set in the differential case previously, as they have preset 
positional relations with each other. After that, pinion shafts along the radial direction of 
this differential case and set fixedly with pins. 

3. Detailed description of the invention 
[Industrial fields to be applied] 

The present invention relates to positioning of pinion shafts and differential case on 4 
pinions at differential gear. 



[Background of the invention] 



Generally, on moving part of vehicle, differential gear is equipped at rotating position like 
left-right axle. This differential gear is formed with pinion supported by pinion shaft on the 
differential case engaging the side gear on both left and right side and transfers driving 
power to the gear at the both side by pinion rotating with differential case, also absorbs the 
revolution difference. Therefore, the strength of the pinion plays important role. In order 
to strengthen the pinion, four pinion points on the circumference of the cylindrical part of a 
differential case at intervals of angle of 90 degrees has been adopted. 

[Former mechanism] 

Because four pinion shafts are necessary to adopt the above four pinion mechanism, 
formerly 1 peace cross style spider 1 as indicated at the figure 3 was used and four shafts 
(la and lb) of this spider 1 supported 4 pinions (2a and 2d) positioned at intervals of angle 
of 90 degrees. Then, to make it possible to connect the above cross style spider 1 to the 
differential case 3, at the center of hole 4 where differential case 3 and spider shafts (la and 
lb) were connected, another connection to the cover 5 was created. Therefore, as shown at 
figure 3 (b), pinion 2a and 2d were connected to both differential case 3 and cover 5, which 
created the spherical seats surface (6a and 6b) supporting the back of pinion (2a and 2b) on 
both differential case 3 and cover 5 continuously. 

[Issues the invention is going to solve] 

On the above former mechanism, because spherical seats (6a and 6b) were formed on both 
differential case 3 and cover 5, those needed to be jointed two-dimensionally. Due to some 
joint error, the spherical seats 6a and 6b might create the gap as shown at figure 3 (b), 
which cause grinding and burning. 



[Remedy for the issue] 



The purpose of this invention is to provide the differential gear which can position pinion 
and spherical seats surface properly by dividing into two away from spherical seats at the 
differential case in order to resolve the issue on the above former mechanism. 

The measure is to support each pinion by forming 4 holes and coaxial spherical seats 
surface on four points on the circumference of the cylindrical part of a differential case at 
intervals of angle of 90 degrees. In case of setting pinions and pinion shafts, pinions and a 
supporting body are set in the differential case previously, as they have pre-set positional 
relations with each other. After that, pinion shafts along the radial direction of this 
differential case and set fixedly with pins. 

[Function] 

Based on the mechanism of the above differential gear, pinion shafts is inserted into the 
differential case from the outside along the radial direction of the differential case and can 
support four pinions, which makes it possible that spherical seats along with the holes of 
shafts is formed only on the differential side without divided and positioning with pinion 
becomes accurate. 

[Implemented example] 

Followings are detail description of an implemented example showing on the figures. On 
the figure 1 and figure 2, number 3 is the cylindrical part of a differential case. The final 
gear 7 is jointed with the bolt 8 on the flank part of the differential case. On the cylindrical 
part of a differential case 3, holes 4a-4d and coaxial spherical seats surface 6a-6d are 
formed on four points at intervals of angle of 90 degrees and the pin hole 1 8 is overlaid the 
center of three holes 4a, 4c, 4d . Also at the inner center of the differential case 3, the cross 



shaped ditch 9 on the supporting body 10 is overlaid with the hole 4a and 4d on the above 
differential case 3. 

And there is long pinion shaft 1 1 which is the same length as outside diameter of 
differential case 3 and 2 short pinion shafts 12, 13. The long pinion shaft is connected to 
the 2 holes (4b and 4d) on the differential case and cross shaped ditch 9 on the supporting 
body, then one edge is set with pin hole 18 and pin 14, therefore this pinion shaft 1 1 makes 
2 sets of pinion (2b and 2d) touched to spherical seats surface(6b and 6b) and supported to 
rotate freely. 2 pinion shafts (12 and 13) is positioned diagonal against the above pinion 
shaft 1 1 and aligned with the holes (4a and 4c) on the differential case and cross shaped 
ditch 9 on the supporting body 10, also fixed with pin 14 to form cross shape. The pinion 
2a and 2c are supported respectively by these pinion shafts 12 and 13. 

At the point of Pinion at the differential case 3 and the connecting surface A located away 
from its shaft, the cover is jointed with the bolt 15. At the left and right sides of 4 pinions 
(2a and 2d) placed at intervals of angle of 90 degrees, the side gears 16,17 supported by 
differential case 3 and cover 5 engage on the same axle to transfer the driving power. 

The process to assemble pinions and pinion shafts complying with the above structure is to 
set the pinions (2a and 2d) and the supporting body 10 in the differential case 3 with the 
required position beforehand, then insert the pinion shafts (11, 12, 13) into from outside of 
the differential case 3 and fasten them with the pin 14. 

[Effect of the invention] 

As shown on the above description, this differential gear, whose mechanism is 3 stick 
pinion shafts are inserted into the supporting body with cross shaped ditch, allows to create 
spherical seat surface only on the differential case side instead of using the connected 
surface of the differential case and the cover. Therefore, the gap between spherical seat 



surfaces are eliminated and the pinions are positioned on supporting body accurately. The 
size of the entire space does not need to be changed and the assembly is easy. 

4. Brief description of the figures 

Figurel is the vertical sectioned drawing of implemented example for this invention. 
Figure 2 is the sectioned drawing of II-II part of Figurel. 
Figure 3(a) is the squint drawing of former mechanism. 
Figure 3(b) is the sectioned drawing of former mechanism 

2a and 2d - pinion, 3 -differential case, 4a and 4d - holes, 6a and 6d - spherical seat 
surface, 9 -cross shaped ditch, 10 - supporting body, 1 1- long pinion shaft, 12 and 13 - 
short pinion shaft 
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